The odd-parity levels of A=18 nuclei are investigated by using a model which amalgamates the 3p-1h shell states and a-cluster states. The energy spectra, reduced a-widths and E2-transitions are shown to be well understood by the model. It is discussed that in spite of their large deformations the a-cluster states couple strongly with the 3p-1h states. § 1. Introduction
parity levels in A= 18 nuclei is much larger than anticipated. And this improves greatly the agreement between the calculations and the experiments regarding the energy spectra, a-widths and E2-transitions. A simple model which combines the 3P-1h shell states and the a-cluster states is proposed in § 2. The calculated energy spectra are presented in § 3. We discuss the a-widths and E2-transitions in § 4. A brief summary is given in § 5. A preliminary result was reported in
Ref. 2). § 2. The model
We set up model-wave-func tions for each of the 3P-1h shell and a-cluster states. For the 3p-1h states, the SU 3-classification is used. According to the result in the calculation of Ref. 7) , the following representations are main components of low-lying 3p-1h states,
[f] = [ 4 4 2]' [ 4 3 3
(60) X (01) = (61) + (50).
(1)
We can express these by the a_1 4 where Uu (r) is the harmonic-oscillat or wave function of the relative quanta N = 7
and N,~;;z is the normalization constant. This expression is convenient to calculate the coupling matrix elements between the 3p-1h and a-cluster states.
For the a-cluster state, we adopt an a+ 14 N C 4 C) weak coupling model used in 
And the coupling matrix element between 3p-1h and a-cluster states is as follows: are well depressed. In order to reproduce the lowest levels at proper energies, we must reduce the strengths of coupling interactions to 60%. The correspondence between calculated levels and experimental ones is very good in both 18 F and 
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The calculated and experimental oddparity levels of "F. Energies are measured from the a-threshold (4.416 MeV from the ground state). In the experimental spectrum the linked levels show the isospin-mixed levels. Experimental energies are from Refs. 13) and 14). The mixings of the a-cluster components to the lowest levels are 31% in 18 F and 22% in 18 0, respectively. These large amounts of mixings are rather surprising, because the odd-parity cluster states are strongly deformed and are expected to exist more or less purely. It is probable, however, that these couplings become more strong and long-ranged in comparison with those o£ the even-parity case, because the a-cluster states can couple with the 3p-Ih states through the "onenucleon" exchange. The calculated levels which have considerable cluster components are 0 2 -, Is-, 24-in 18 F and Is-, 33-in 18 0.
\Ve add that the present cluster wave functions surely contain about IO% of the total quanta N = 9 components, which have some overlaps with ordinary 5p-3h states. These components are important for the couplings with the 3p-Ih states. But a-cluster states are realized even at extremely low energies, as a result of including larger amounts of higher N components.
vVe comment on the fact that the couplings between the 3p-Ih and a-cluster states are stronger in 18 F than in 18 0. This is easily understood by transforming the 3p-Ih states into the a-cluster representations: The calculated E2-transitions in 18 F are shown in Table III . If we compare results of the full calculation (Ih +cluster case) with the results of 3p-Ih space only (Ih case), it is clear that the large transitions are mainly produced by the cluster components. In order to improve the agreement with the experiments, it will probably be important to use wider 3p-Ih space. In 18 0 there is no experimental data, and we cannot discuss this matter now. We have investigated the odd-parity states of A= 18 nuclei with a simplified model which amalgamates the 3p-1h shell states and a-cluster states. We can get a very good agreement between the calculated energy spectra and the experimental ones in both 18 F and 18 0. Moreover, concerning the reduced a-widths and E2-transition rates a consistent understanding is obtained. These agreements are attributed to the large mixings of the a-cluster states to the 3p-1h states. It is surprising that even the well-developed a-cluster states couple strongly with the 3p-1h shell states. The one-nucleon exchange character of the coupling is regarded as a reason for such strong coupling of these states.
We conclude that the coupling between shell and cluster states is indispensable to the understanding of the properties of both even and odd parity states in A= 18
nuclei. This will also be important to the study of neighbouring nuclei.
